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Abstract: 
Venous obstruction is known to cause increased arterial resistance in some 
conditions but the effects of lower limb deep vein thrombosis (DVT) on 
arterial resistance were not known. This study was undertaken to evaluate 
the relationship between lower limb DVT and arterial resistance, as well as to 
determine usefulness of arterial resistance as a secondary sign of DVT. 
Color duplex ultrasound was performed to confirm the presence or absence 
of lower limb DVT, and arterial spectral waveforms of lower limb arteries were 
obtained. The resistance index (RI) and pulsatility index (PI) from the arterial 
waveforms were used to determine the arterial resistance. Analysis of 
resistance values, and receiver operator characteristic (ROC) curves were 
used to obtain the resistance values that aid in diagnosis of DVT. 
59 symptomatic patients with no DVT were compared with 55 asymptomatic 
patients with no DVT, Decreased arterial resistance (measured by Rl and PI) 
(P<0.01) was detected in the affected limb of the symptomatic patient with no 
DVT’ compared with that of the asymptomatic patients with no DVT. 
Therefore clinical signs and symptoms are associated with decrease in 
arterial resistance. 
64 symptomatic patients with DVT were compared with 59 symptomatic 
patients with no DVT. Higher arterial resistance (P<0.01) was noted in the 
affected limb of symptomatic patients with DVT when compared with the 
affected limb of symptomatic patients with no DVT. There was no significant 
difference between arterial resistance of the affected and unaffected limbs in 
the symptomatic patients with DVT but this difference was significantly higher 
than that in the symptomatic patients with no DVT. It is likely that the affected 
limb of symptomatic DVT patients is influenced by countering effects of 
clinical signs and symptoms (resistance decrease) and the presence of DVT 
(resistance increase). 
When PI at the popliteal artery is greater than 8，the sensitivity and specificity 
are 81.3% and 72.9% respectively in the detection of symptomatic DVT. 
When the PI at the popliteal artery of the affected limb is not less than that of 
the unaffected limb by 2，the sensitivity is 65.6% and the specificity is 83.1% 
in the detection of symptomatic DVT. 
Acute, occlusive, and proximal DVT were associated with higher arterial 
resistance compared with chronic, non-occlusive, and calf DVT respectively. 
Differentiation of occlusive from non-occlusive DVT is possible using arterial 
resistance change as the resistance difference was significant (P<0.01). 
When the Rl at the popliteal artery is greater than 1.35, the sensitivity and 
specificity in differentiating occlusive from non-occlusive DVT are 76% and 
66.7% respectively. When the PI at the popliteal artery of the affected limb is 
greater than that of the unaffected limb, the sensitivity and specificity are 
64% and 66.7% respectively in differentiating occlusive from non-occlusive 
DVT. 
In conclusion, arterial resistance of the lower limb is increased in the 
presence of DVT. It may be useful as a secondary sign in diagnosis of 
symptomatic DVT. The clinical application as yet is limited as the accuracy in 
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1. Introduction 
Deep vein thrombosis (DVT) of the lower limb is a common disease [1,2] that 
can result in significant morbidity and even mortality [3]. Prompt and accurate 
diagnosis of DVT is essential for appropriate treatment. A variety of non-
invasive tests have been developed for this purpose, including color duplex 
ultrasound which has emerged over the years to enjoy excellent sensitivity 
and specificity [4，5, 6], and has become the main method of diagnosis in 
most clinical departments. 
Arterial resistance is a measure of the resistance to flow in an artery. In 
doppler ultrasound, resistance index (RI) and pulsatility index (PI) are the 
parameters most commonly used to quantitate arterial resistance. It is 
generally increased in the presence of distal obstruction [7], which can be 
either distal arterial or venous obstruction [8,9,10]. In renal transplants, 
arterial resistance is significantly increased in the presence of renal vein 
thrombosis (RVT) [8,9]. In animal models, lower limb arterial resistance is 
increased when the lower limb veins are compressed by an air cuff to mimic 
a venous occlusion state [11]. 
There are no studies to date which investigate whether the same is true in 
human lower limb venous obstruction, to our knowledge. This research was 
undertaken to investigate the relationship between arterial resistance change 
and lower limb venous obstruction due to DVT in order to gain a better 
understanding of lower limb arterial flow haemodynamics in this situation. 
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Whether this relationship can prove useful as a secondary sign in lower limb 
DVT will also be evaluated. 
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2. Literature Review 
2.1 Venous anatomy 
The deep veins of the lower limb drain the foot and muscles of the calf and 
thigh. In the calf, the deep veins - the anterior tibial, posterior tibial, and 
peroneal veins - are generally paired structures that accompany each of the 
three main calf arteries. The posterior tibial and peroneal veins join to form a 
common trunk, which is also often duplicated. The anterior tibial veins join 
into this common trunk below the knee joint at the inferior border of the 
popliteal fossa, to become the popliteal vein (Fig.2). The sural veins are 
composed of the soleal veins and sinuses, as well as the gastrocnemius 
veins. These structures drain into the posterior tibial and peroneal veins close 
to the junction with the common tibio-peroneal trunk. The popliteal vein 
continues its course cephalad through the popliteal fossa until the entrance of 
the adductor canal. At this point the venous structure is known as the 
superficial femoral vein (which is still a deep venous structure). Numerous 
bridging and collateral veins may hypertrophy at this site if the main venous 
trunk becomes occluded. At the cephalad extent of the adductor canal, the 
superficial femoral vein is joined by the deep femoral vein to become the 
common femoral vein. The common femoral vein extends to the level of the 
inguinal ligament, where upon it becomes the external iliac vein. The external 
iliac vein is contiguous with the common iliac vein and is differentiated from it 
only by the entrance of the internal iliac vein (Fig.1). The most frequent 
venous anomaly is duplication or triplication of the major venous structures. 
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Fig.1 Proximal venous system (from Cave RK, et al: Extremity venous anatomy In 
/nfrocM/orjtovascu/aru/frasom^frapWSrd, W B Saunders P.268 1992) 
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Fig.2 Distal venous system (from Cave RK, et al: Extremity venous anatomy In Introduction 
to vascular ultrasonography 3'^ WB Saunders P.268 1992) 
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2.2 Arterial anatomy 
The common iliac artery originates from the aortic bifurcation, courses distally 
and then bifurcates into the internal and external iliac arteries. The internal 
iliac artery most often lies deep to the external iliac artery which continues 
distally to become the common femoral artery. This starts at the level of the 
inguinal ligament and continues for 4 to 6 cm until it branches into the 
superficial and deep femoral arteries. The deep femoral artery lies lateral to 
the superficial femoral artery. The superficial femoral artery continues along 
the medial aspect of the thigh at a depth of 3 to 8 cm until it reaches the 
adductor canal near the junction of the middle and lower thirds of the thigh. 
The artery dips deep to the upper boundary of the adductor canal formed by 
the fascia arising from the adductor magnus muscle and continues as the 
popliteal artery (Fig.3). At the level of the knee joint it sends off small 
geniculate branches. Approximately 6 to 8 cm from the knee joint it branches 
into the anterior tibial artery and the tibio-peroneal trunk. The tibio-peroneal 
arteries are accompanied by two veins. The anterior tibial artery courses into 
the anterior compartment of the lower leg after crossing through the proximal 
portion of the antero-osseous membrane. The tibio-peroneal trunk gives off 
the posterior tibial and peroneal arteries, which supplies most of the calf 
muscles. 
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Fig.3 Lower limb Arterial system (from Polak JF: Peripheral arterial disease In Peripheral 
vascular sonography, Williams and Wilkins p247 1992) 
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2.3 Deep vein thrombosis 
Lower limb deep vein thrombosis (DVT) is a common and potentially 
dangerous complication of a primary illness in hospitalized patients. The 
thrombus may detach from the lower limb and embolise to branches of 
pulmonary arteries, leading to pulmonary embolism (PE), which can be of 
varying clinical or subclinical severity, and even fatal [1�.Approximately 90% 
of pulmonary emboli are due to lower extremity clot [12,13,14]. Apart from the 
immediate risk of life, the venous thrombus may cause thickening of venous 
wall and damage the venous valves, thus causing long term chronic venous 
insufficiency in the lower limbs leading to oedema, varicose veins, ulceration 
and other trophic changes [15]. 
There are many risk factors for the development of deep vein thrombosis . 
The most significant is previous venous thrombosis [16]. Recurrent DVT is 
seen in 10% to 15% of patients with previously documented and treated lower 
extremity clots [17]. Other risk factors for DVT are prolonged bed rest with or 
without limb immobilization, neurological impairment, the post-operative state, 
trauma, the presence of malignancy, pregnancy, and oral contraceptive use 
[18]. Multiple risk factors often occur in the same patient [1]. 
Deep vein thrombosis (DVT) can be divided into proximal-vein thrombosis, 
and distal or calf-vein thrombosis. Proximal-vein thrombosis is defined as 
thrombus extension into or proximal to the popliteal level, and calf-vein 
thrombosis refers to thrombus confined to the calf veins only[19]. 
Differentiation of these two types of DVT is relevant as the course of disease 
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and treatment are different. Anti-coagulant treatment is considered mandatory 
for proximal DVT [19] because 40% to 51% of patients admitted with proximal 
DVT have a high-probability ventilation-perfusion lung scan, representing firm 
evidence of the presence of PE [20,21,22]. Some studies have demonstrated 
that in patients with proximal DVT，suboptimal treatment leads to a 20% -
49% incidence of recurrent DVT [23,24,25]. Calf vein thrombosis is not 
treated in most institutions, and Surveillance using non-invasive tests to 
detect potential extension is undertaken [26]. This is because in patients with 
proven DVT have demonstrated that significant PE does not originate in the 
calf veins unless propagation into the superficial femoral vein or popliteal vein 
has occured [12,26,27]. The risk of life-threatening pulmonary embolism from 
DVT confined to one or two calf veins alone is less than the risk of anti-
coagulant treatment [28]. 
Most thrombi begin in the calf veins [27,29,30]. Approximately 40% of these 
clots resolve spontaneously, 40% organize focally without extension, and 
20% extend centrally. Three quarters of the last group extend into the 
popliteal veins and more cephalad [27]. 
DVT can also be classified as acute or chronic. This classification must be 
used cautiously because the time frame implied is ambiguous. Acute DVT 
generally implies newly formed thrombus or thrombus that is days to 2 weeks 
old [31]. Chronic DVT (or chronic thrombotic residua) can be defined as 
thrombosis months to years following the acute episode. During the chronic 
phase, thrombus that is not lysed by natural or therapeutic means is invaded 
by fibroblasts and becomes organized as fibrous tissue, and may remain 
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occluded indefinitely. The obstructed venous segments may slowly recanalize 
due to fibrinolytic pathways [31]. Complete lysis of the thrombus can only 
occur in only about 20% of cases [32] and partial recanalization is associated 
with irregularly shaped channels [33]. 
The differentiation of occlusive or non-occlusive nature of the thrombus is 
significant because the propensity for lower extremity thrombus to detach and 
embolise is greatly increased when the thrombus is non-occlusive [34] 
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2.3.1 Clinical examination 
The clinical manifestations of DVT are protean, but the characteristic 
symptoms consist of pain, warmth, and swelling (pitting or non-pitting) of the 
affected lower extremity. These symptoms are caused by venous outflow 
obstruction and inflammation of the venous wall or perivascular tissues [35]. 
The other symptoms are redness, venous distention, palpable cord, 
Hoffman's sign and Phlegmasia cerulean dolens (massive leg swelling, 
severe pain，deep cyanosis and decrease in limb temperature) [36]. Clinical 
diagnosis is however notoriously inaccurate with low sensitivity and low 
specificity [37，38，39，40，41，42]. In the symptomatic population, studies 
have shown that the accuracy of DVT diagnosis is less than 50%. The clinical 
diagnosis is non-specific because none of its symptoms or signs are unique 
to DVT, and can be caused by other non-thrombotic disorders. The 
differential diagnosis of these clinical manifestations include arthritis, leg 
trauma, tendinitis, Baker's cyst, cellulitis, lymphedema, superficial 
thrombophlebitis, postphlebitic syndrome etc [35]. 
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2.3.2 Contrast venogram 
Contrast Venogram is performed by injecting radiopaque contrast material 
into a dorsal vein of the foot to opacify the deep venous systems of the legs. 
It allows the visualization of the entire deep venous system of the leg and 
offers direct visual evidence of thrombi. It is equally sensitive and specific in 
both proximal and calf DVT. It can confirm or exclude the diagnosis of DVT in 
one session [35]. Contrast venogram is the traditional reference method or 
"gold standard" against which all other means of evaluation are compared 
[35]. 
It does however have several limitations [35]: 
1. It may be difficult or impossible to perform in patients with poor venous 
access. 
2. It carries the risk of post-venographic DVT. 
3. The procedure is painful. 
4. Patients may have adverse reactions to contrast medium. 
5. Suboptimal contrast filling of pelvic veins, deep femoral veins and some 
calf veins may decrease accuracy. 
12 
2.3.2 Color duplex ultrasound 
There are several non-invasive tests for the diagnosis of DVT. They include 
doppler ultrasound, impedance plethysmography, 1-125 fibrinogen scanning, 
and liquid-crystal thermography. The most commonly used and most reliable 
test to date is color duplex ultrasound [43]. 
Color duplex scanning is real time B-mode scanning with the use of color and 
doppler functions. It is safe, cheap and reproducible. Venous compression 
technique (non-compressibility of venous segments) (Fig.4) has been shown 
to be the most sensitive and specific ultrasonographic criteria in the detection 
of DVT [44，45’ 46]. Other sonographic techniques (Figs.5 -10) including 
direct visualization of intraluminal thrombus, absence of color signal, 
absence of doppler signal [18] have also been shown to be useful . The 
sensitivity and specificity are high, reportedly up to 100% fTable 1). 
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Author number Sensitivity Specificity Overall 
of limbs (%) (o/o) accuracy 
(%) 
Raghavendra et al (1986)[44] ^ Too ?00 Tm 
Appleman Et al (1987)[41] 110 96 97 96 
Vogel et al (1987) [3] 53 95 100 98 
Montefuscoetal (1989) [47] 139 100 , 99 99 
Fletcheretal (1990)[48] 44 100 97 98 
Wright et al (1990) [49] 71 91 95 93 
Bradley MJ (1993) [6] 100* 98 100 99 
Table 1. Accuracy of color duplex ultrasound for diagnosis of DVT from previous studies 
"*" ： number of patients instead of number of extremities 
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Fig.4 Transverse ultrasound image of normal superficial femoral vein. The Lt sided image 
shows the artery and vein (arrow) while the Rt sided image shows the disappearance of the 
vein with compression. 
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Fig.5. Longitudinal image of normal vein. The patent vein (arrow) color-coded blue indicates 
flow towards the probe. 
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Fig. 6 Doppler spectrum of normal vein with phasicity. 
U j ^ g g g ^ | j y ^ y ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g [ j ^ g U j 
^ ^ ^ ^ 3 B 
B g ^ m H ^ ^ a j ^ H 
^ ^ ^ 
Fig.7 Thrombosed calf vein. The left-sided image shows the transverse section of soleal vein 
(arrow) which is distended with hypoechoic thrombus. The right-sided image shows the 
non-compressibility of the soleal vein (arrow). 
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Fig. 8 Thrombosed calf vein with absent doppler signal • The soleal vein (arrow) is filled with 
hypoechoic thrombus and has no doppler signal detected. 
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Fig. 9 Thrombosed vein with absent color signal. The popliteal vein is completely filled with 
hypoechoic thrombus and has no intraluminal color flow (long arrow) demonstrated. The 
artery (short arrow) is filled with red color, indicating flow towards the probe. 
17 
m 
Fig.10. Thrombosed vein with absence of both color and doppler signal. The common 
femoral vein is filled with hypoechoic thrombus with no intraluminal color flow and no doppler 
signal detected. 
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Besides confirming the presence of DVT, the location and extent of the 
thrombus (proximal, calf-DVT) (Fig.11)，the nature (acute, chronic, occlusive, 
non-occlusive) (Fig.12 -14) should also be evaluated. (Fig.11 -14) 
The sonographic criteria for differentiation of acute and chronic DVT are listed 
in Table 2. These include differences in echogenicity, texture, diameter, 
compressibility, surface and collaterals, but unfortunately are relatively 
imprecise [50]. 
Color and doppler functions of color duplex scanning are very useful in 
detecting the presence of flow in the residual lumen of the thrombosed 
segments, and hence determining the occlusive or non-occlusive nature of 
the DVT. Moreover the presence of collaterals can also be demonstrated. 
Characteristic Acute Chronic 
Echogenicity Slight Marked 
Texture Homogenous Heterogenous 
Surface Smooth Irregular 
Diameter Often dilated May be constricted 
Compressibility Soft, easily compressed Firm, difficult to 
compress 
Attachment May be free floating Adherent 
Collaterals Few well developed 
Table 2. Criteria for distinguishing acute from chronic venous thrombosis [50] 
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Fig. 11 Longitudinal image of thrombosed calf veins. The paired posterior tibial veins 
(arrows) were filled with slightly hypoechoic thrombus with absence of color signal. The color 
in between the paired veins represent the aliasing arterial signal. 
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Fig.12 Longitudinal image of acute occlusive DVT. The common femoral vein (long arrow) 
and the long saphenous vein (short arrow) are distended by hypoechoic thrombus with 
complete absence of color signal. 
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Fig. 12 Longitudinal image of chronic DVT. Thrombus fills the non-distended lumen of the 
distal superficial femoral vein (indicated by "vein"). A patent collateral is seen running 
adjacent to it (indicated by "coll"). 
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Fig. 13. Longitudinal image of chronic DVT. Follow-up scan of a previously thrombosed 
superficial femoral vein shows tortuous recanalized flow (arrow) within the lumen. 
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• 
Fig. 14 Longitudinal image of non-occlusive DVT. Hypoechoic non-occlusive thrombi 
(arrows) are noted within common femoral vein. Intraluminal color signal is present. 
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As techniques have improved and technology progressed, the non-invasive 
vascular laboratory has evolved from a preliminary testing area that often 
preceded venography to a highly reliable unit capable of diagnosing DVT 
with a high degree of accuracy [51]. A recent study showed that color duplex 
ultrasound gave a higher overall diagnostic yield (62%) than contrast 
venogram (50%) [6]. Color duplex scanning has become the test of choice in 
detection of DVT and contrast venogram is now rarely performed [43] 
23 
2.4 Arterial resistance 
Lower limb arterial flow is of high resistance pattern because lower limb 
arteries are supplying the high resistance peripheral vascular bed. The 
normal doppler spectrum is of triphasic waveform (Fig.15). The initial high 
velocity, forward flow phase that results from cardiac systole is followed by a 
brief phase of reverse flow in early diastole and a final low-velocity forward 
flow phase in late diastole. The reverse flow component is a consequence of 
the relatively high peripheral vascular resistance in the normal lower limb 
arterial circulation. Reverse flow becomes less prominent when peripheral 
resistance decreases. This typically occurs in normal limbs with the 
vasodilatation that accompanies reactive hyperaemia or limb warming [52]. 
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Fig.15 The typical triphasic waveform of the lower limb. 
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The arterial resistance can be semi-quantitatively measured by arterial 
doppler method. Resistance index (Rl), pulsatility index (PI) and Systolic/ 
diastolic ratio (A/B ratio) 0"able 3) are the common parameters used for 
assessing arterial resistance [53, 54’ 55, 56�.A/B ratio is less useful because 
this index will be undefined when the diastolic value (B) is zero. The PI is 
less susceptible to variation in heart rate and rise in PI is shown to correlate 
well with increase in peripheral resistance [57]. PI is also a more reliable 
index for assessing distal rather than proximal disease[57]. 
Rl = (peak systolic velocity _ peak diastolic velocity) / peak systolic velocity 
PI = (peak systolic velocity - peak diastolic velocity) / mean velocity 
A/B ratio = peak systolic velocity/peak diastolic velocity 
Table 3. Formulae of Rl, PI, and A/B ratio. 
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Factors affecting arterial resistance include heart rate, cardiac rhythm, blood 
pressure, lumen diameter (e.g. stenosis), and peripheral vasodilatation or 
vasoconstriction [57]. 
Heart rate, rhythm and blood pressure are systemic factors which will affect 
bilateral lower limb arterial resistance when there is any change. Luminal 
diameter and peripheral vasodilatation or vasoconstriction are relatively local 
factors which may affect only one side. Proximal stenosis and distal stenosis 
in the lower limb arteries represent luminal diameter reduction. It has been 
documented that significant proximal arterial stenosis lowers the arterial 
resistance [58] while distal stenosis or obstruction increases the arterial 
resistance [59]. Peripheral vasodilation, usually caused by increasing 
temperature or reactive hyperaemia, will cause the arterial resistance to 
decrease [59]. 
Distal obstruction is one factor which causes increase in arterial resistance. It 
can be due to distal arterial stenosis or occlusion. For example, the common 
carotid artery becomes more pulsatile and has higher resistance when there 
is significant internal carotid artery stenosis or occlusion [59]. The distal 
obstruction can also be due to venous thrombosis / occlusion. Imbalance 
between arterial influx and decreasing venous outflow likely leads to an 
elevation in vascular impedance [60� .There are two examples. Venous 
thrombosis in pancreatic transplants causes higher resistance in the coeliac 
and splenic arteries which show blunted systolic peak and reversal of diastolic 
flow [10]. The renal arterial waveform of renal transplants shows increased 
resistance with characteristic reversed diastiolic flow in the presence of RVT 
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[60，61，62]. However not all RVTs produce significantly increased arterial 
resistance. This occurs predominantly in acute RVT without collateral 
drainage. Non-occlusive RVT may not produce arterial waveforms of higher 
resistance [60]. This is because chronic RVT with collateral formation and the 
non-occlusive RVT may not be sufficient to impair the balance between 
arterial influx and venous outflow. 
In another animal trial [11]，the lower limb veins were compressed by a 
certain degree of air cuff compression which induced reduction in the venous 
return and mimicked venous obstruction state. The arterial resistance of the 
lower limb as measured by doppler method showed significantly increased 
lower limb arterial resistance in response to the venous compression. 
27 
2.5 Basis for study 
Arterial resistance has been shown to be increased in cases of venous 
thrombosis of renal transplants [60’ 6 1， 6 2 ] and venous thrombosis of 
pancreatic transplants [10]. Deep vein thrombosis is a form of venous 
obstruction. Lower limb arteries have also been shown to have increased 
arterial resistance in a simulated venous obstruction study [11]. Whether the 
lower limb arteries undergo similar changes in response to lower limb venous 
thrombosis (DVT) in vivo, is unknown. This study was undertaken to 
investigate the relationship between arterial resistance and DVT of the lower 
limb. 
As arterial resistance changes vary according to the characteristics (acute, 
chronic, occlusive, non-occlusive) of RVT [60,63], it is also necessary to 
investigate whether these differences exist, if a relationship is demonstrated 
between arterial resistance and lower limb DVT. 
In addition, DVT is usually divided into proximal-DVT and calf-DVT which 
have significant differences in the role of venous drainage. The proximal vein 
is the main axial vein for drainage in the thigh while the calf veins have many 
branches which share the role relatively evenly. This implies that venous 
thrombosis in the proximal vein may carry a more significant effect in 
haemodynamics than calf vein thrombosis. It would also be interesting to 
investigate if there is any difference in arterial resistance change with different 
distribution of DVT. 
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Besides investigating the relationship between arterial resistance and DVT 
in the lower limb, the possibility of using arterial resistance change in the 
lower limb DVT (if any) as a secondary sign in the diagnosis of DVT will be 




Three groups of patients were included 
• Symptomatic with DVT: Sixty-four in-patients presenting with unilateral 
clinical signs and symptoms were included and they were found to have 
sonographic evidence of DVT. 
(Male=28, Female=36 ； Mean age=56.2 years) 
• Symptomatic with no DVT: Fifty-nine in-patients presenting with unilateral 
clinical signs and symptoms, mimicking DVT, were included and were 
found to have no sonographic evidence of DVT. 
(Male=28, Female=31 ； Mean age=56 years) 
• Asymptomatic with no DVT: Fifty-five in-patients without any clinical signs 
and symptoms in both lower limbs were included and had no sonographic 
evidence of DVT. 
(Male=27, Female=28 ； Mean age=56.1 years) 
3.2 Equipment 
Philips SD 800 (USA), and ATL HDI 3000 (USA) together with 10 MHz, 7.5 
MHz, 5 MHz linear transducers, were used for scanning. Color and doppler 
functions are available in both ultrasound machines. 
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3.3 Procedure 
• All symptomatic patients were in-patients referred to the ultrasound 
department for ruling out unilateral DVT. The clinical signs and symptoms 
included unilateral leg swelling, tenderness, warmth, redness, venous 
distention, trauma and Hoffman's sign. All these patients were scanned 
within four hours of request and were sent to the ultrasound room from 
wards by stretchers in order to keep the patients immobilized. 
• All asymptomatic patients were in-patients referred to the ultrasound 
department for upper abdominal scan. The majority were stretcher cases. 
There was no history of lower limb arterial disease and no clinical signs 
and symptoms in the lower limb. The lower limb arterial and venous 
scanning (with verbal consent) were performed after abdominal and 
pelvic scanning (about 20 minutes later) in order to keep the patients' 
limbs immobilized for a period of time. 
• Room temperature was maintained at 22-24"C and the patients were kept 
warm and comfortable inside the examination room. Warm gel was used 
for scanning. 
• Lower limb arterial scanning was performed prior to venous scanning in 
order to minimize bias. Transverse and longitudinal scanning of lower 
limb arteries, with help of color function was performed from both distal 
external iliac arteries to popliteal arteries. Patients with any significant 
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abnormality in the arteries (e.g. significant stenosis, pseudoaneurysm, or 
arterio-venous fistula) were excluded from the study. 
• Three sets of doppler spectra were obtained at both common femoral 
arteries (CFA) (about 2cm above CFA bifurcation), both mid superficial 
femoral arteries (SFA), and both proximal popliteal arteries (PA). The 
doppler sample volumes were placed at the centre of the flow stream, with 
a 1 to 1.5mm sample volume size, for all doppler measurements. The 
doppler angle was set at or less than 60°. Measurement of mean Rl and PI 
from three respective spectral tracings of both CFA, SFA, PA were made 
and recorded (Fig.17 -19). The difference in Rl (dRI) and the difference in 
PI (dPI) between affected and unaffected limbs were calculated as 
dRI = (Rl of affected limb - Rl of unaffected limb) 
dPI = (PI of affected limb - PI of unaffected limb) 
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Fig.16. Doppler spectrum of Rt common femoral artery. The values of Rl, PI are displayed 
on Lt lower corner of the image. 
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Fig. 17 Doppler spectrum of superficial femoral artery showing normal triphasic waveform 
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Fig. 18 Doppler spectrum of normal popliteal artery. 
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• After lower limb arterial scanning, venous scanning for the diagnosis of 
DVT was performed. Transverse scanning of the lower limb venous 
system was performed with compression manoeuver at one cm interval, 
from distal external iliac vein to the popliteal vein. Color (with doppler if 
necessary) was also used for documentation of venous patency and for 
evaluation of non-occlusive thrombosis and collaterals. Color and doppler 
functions were set at high sensitivity for venous flow detection with low 
pulse repetition frequency. The calf veins were mainly demonstrated by 
color application of the machine with and without compression technique. 
The following criteria were used in the diagnosis of DVT: 
--Non-compressibility of the venous lumen. 
--Absence of color flow 
--Absence of doppler flow 
--Direct visualization of intraluminal thrombus with absence of color and /or 
doppler flow. 
• When DVT was confirmed, characteristics of the thrombus were 
determined. Differentiation of acute and chronic D V T was based on 
guidelines presented in Table 2. Differentiation of occlusive and non-
occlusive thrombus was determined by the use of color flow application. 
The presence of intraluminal color flow was indicative of non-occlusive 
thrombosis. Occlusive thrombosis was defined as complete occlusion of a 
venous segment without any collateral or duplicated patent veins in the 
thigh so that absence of intraluminal color flow alone did not represent 
occlusive thrombosis. Occlusive thrombus in the calf was diagnosed only 
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when all the calf veins (posterior tibial veins，anterior tibial veins, peroneal 
veins, soleal and gastrocnemius veins) were completely occluded. That is, 
even when thrombus completely occluded the posterior tibial and 
peroneal veins without any residual intraluminal color flow, it was still 
regarded as non-occlusive DVT, as the rest of the calf veins were patent. 
• The distribution of DVT (proximal-DVT or calf-DVT) was also noted. 
Proximal-DVT referred to DVT with extension into or above the popliteal 
level. Calf-DVT referred to venous thrombosis confined to the calf veins. 
Fig. 19 summarizes the methodology. 
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3. Symptomatic patients with DVT 
3.1AcuteDVT 
3.2 Chronic DVT 
3.3 Proximal-DVT 
3.4 Calf-DVT 
3.5 Occlusive DVT 
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Arterial resistance (RI, PI, dRI, dPI) at CFA, SFA, PA of 
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Fig. 19 The procedure in obtaining arterial resistance in different subject groups 
U/S = Ultrasound scanning 
CFA = Common femoral artery, SFA = Superficial femoral artery’ 
PA = Popliteal artery, 
R| = Resistance index, PI = Pulsatility index 
dRI = difference between Rl of both limbs 
dPI = difference between PI of both limbs 
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3.4 Data analysis 
The Rl and PI from both lower limbs and the dRI, dPI between both limbs 
were recorded at the CFA, SFA, PA. Mean values of Rl, PI, dRI, dPI were 
calculated and compared in different subject groups (symptomatic with DVT, 
symptomatic with no DVT, asymptomatic with no DVT) and in different kinds 
of DVT (acute versus chronic, proximal-DVT versus calf-DVT, occlusive 
versus noA-occlusiv6 DVT). 
Statistical tests were performed to assess the statistical significance of the 
arterial resistance changes in different subject groups and in different kinds of 
DVT. Students' t test was used for subject groups with number greater than 
30 while non-parametric test was used for groups with number less than 30. 
Paired test was employed to compare the arterial resistance between affected 
and unaffected limbs in the same subject group, while independent test was 
employed to compare the difference between the arterial resistance of 
affected limb in one subject group and that of affected limb in another subject 
group. In this study, a P-value less than 0.01 was used for identifying 
statistical significance. 
Paired tests were performed in the asymptomatic group with no DVT. When 
there was no statistical significance between the Rt and Lt limbs, the Lt side 
was taken as the affected limb due to the documented higher incidence of 
DVT in the Lt limbs [64]. 
Table 4 lists the objectives of comparison between different subject groups. 
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Comparison Objectives 
No DVT (Symptomatic) vs relationship between R and 
No DVT (Asymptomatic) symptoms 
Symptomatic (DVT) vs relationship between R and DVT 
Symptomatic (no DVT) 
• Acute vs Chronic DVT Effect of DVT severity on R 
• Proximal vs Calf-DVT 
• Occlusive vs Ncm-occlusive 
DVT 
Table 4. Objectives of comparison between different subject groups 
(R=arterial resistance; vs=versus) 
When statistical significance (P<0.01) was found between two appropriate 
groups, the corresponding sensitivity and specificity in the diagnosis of 
symptomatic DVT or in differentiation of different natures of DVT by 
resistance changes were calculated. Sensitivity and specificity were 
assessed by the receiver operator characteristic (ROC) curves, to determine 
optimal sensitivity, specificity, and their corresponding parameter (Rl, Pl, dRI, 
dPI), and sampling site of the lower limb artery (CFA, SFA, PA). 
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4. Results 
4.1 Arterial resistance changes in different groups 
4.1.1 Symptomatic with no DVT versus asymptomatic with no DVT 
The comparison between the symptomatic with no DVT and asymptomatic 
with no DVT groups was to demonstrate the relationship between arterial 
resistance and the presence of clinical signs and symptoms. 
Fifty-nine symptomatic patients with no DVT were compared with fifty-five 
asymptomatic patients with no DVT. In the asymptomatic with no DVT group, 
there was no statistically significant difference (P>0.01) in Rl and PI between 
the Lt and Rt lower limbs (Fig. 20 & 22)，the Lt was taken as the affected limb 
in this group. 
The mean values of Rl and PI of the affected limbs were significantly (P<0.01) 
lower than those of the unaffected limbs in the symptomatic group with no 
DVT, and were also significantly (P<0.01) lower than those of affected limbs 
in the asymptomatic with no DVT group (Fig. 20 & 22). The dRI and dPI in the 
symptomatic group were significantly lower than those in the asymptomatic 
group. (P<0.01) (Fig. 21 &23). 
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Fig.20 Mean Rl values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA and PA in the symptomatic with no DVT and 
asymptomatic with no DVT groups. The independent test between the affected limbs of both 
groups had P<0.01. 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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Fig.22 Mean PI values (±SD) of affected and unaffected limbs, and their corresponding P-
values (Paired test) at CFA, SFA, PA in the symptomatic with no DVT and asymptomatic with 
no DVT groups. The independent test between affected limbs of both groups showed P<0.01. 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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4.1.2 Symptomatic with DVT versus symptomatic with no DVT 
The comparison between the symptomatic with DVT and symptomatic with no 
DVT groups was to evaluate the relationship between DVT and arterial 
resistance in the presence of clinical signs and symptoms. 
Sixty-four symptomatic patients with DVT were compared with fifty-nine 
symptomatic patients with no DVT. The mean values of Rl, PI of the affected 
limbs were similar (P>0.01) to those of unaffected limbs in the symptomatic 
with DVT group but were significantly (P<0.01) higher than those of affected 
limbs of the patients in the symptomatic with no DVT group (Fig. 24 & 26). 
The dRI, dPI between affected and unaffected limbs in the symptomatic with 
DVT group were also significantly (P<0.01) higher than those in the 
symptomatic with no DVT group (Fig. 25 & 27). 
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Fig.24 Mean Rl values (±SD) of affected and unaffected limbs and their corresponding 
(paired test) P-values at CFA, SFA, PA in the symptomatic with DVT and symptomatic with 
no DVT groups. The independent test between affected limbs of both groups had P<0.01 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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Fig. 26 Mean PI values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA, PA in symptomatic with DVT and symptomatic with no 
DVT groups. The independent test between affected limbs of both groups showed P<0.01 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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4.1.3 Symptomatic acute DVT versus Symptomatic chronic DVT 
Fifty-two symptomatic acute DVT patients were compared with twelve 
symptomatic chronic DVT patients. 
The mean values of Rl, PI of affected limbs (Fig. 28 & 3(¾ and dRI, dPI 
between both limbs (Fig. 29 & 31) in the acute DVT group were slightly higher 
than those of chronic DVT group but did not reach statistical significance 
(P>0.01). 
The Rl, PI of the affected limbs were similar to those of unaffected limbs in 
the acute DVT group. The Rl, PI of the affected limbs were slightly lower than 
those of unaffected limbs in chronic DVT group but did not reach statistical 
significance (P>0.01) (Fig. 28 & 30). 
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Fig. 28 Mean Rl values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA, PA in symptomatic acute and symptomatic chronic DVT 
groups. The independent test between affected limbs of both groups had P>0.01. 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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Fig. 30 Mean PI values (±SD) of affected and unaffected limbs, and their corresponding 
(paired test) P-values at CFA, SFA, PA in symptomatic acute and symptomatic chronic DVT 
groups. The independent test between affected limbs of both groups showed P>0.01. 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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4.1.4 Symptomatic proximal-DVT versus symptomatic calf-DVT 
Fifty symptomatic proximal-DVT patients were compared with fourteen 
symptomatic calf-DVT patients. 
The Rl, PI of affected limbs (Fig. 32 & 34) and dRI, dPI between both limbs 
(Fig. 33 & 35) in proximal-DVT group were slightly higher than those in the 
calf-DVT group but did not reach statistical significance (P>0.01). 
The Rl, PI of the affected limbs were similar to those of unaffected limbs in 
the proximal-DVT group. The Rl, PI of the affected limbs were slightly lower 
than those of unaffected limbs in the calf-DVT group but the difference was 
not statistically significant (P>0.01) (Fig. 32 & 34). 
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Fig. 32 Mean Rl values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA, PA in symptomatic proximal-DVT and symptomatic calf-
DVT groups. The independent test between affected limbs of both groups had P>0.01. 
5 -i]    
T3 
P>0.01 
= — — — — _ _ ^ _ P>0.01 p>0.01 
0.0' 
CFA SFA PA 
- .1 ' _ L _ 
SFA 
_ _ _ _ L _ _ PA 
CFA 
- . 2 j  
DVT (Proximal) DVf(Calf) 
Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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Fig. 34 Mean PI values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA and PA in symptomatic proximal-DVT and symptomatic 
calf-DVT groups. The independent test between affected limbs of both groups showed 
P>0.01. 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
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4.1.5 Symptomatic occlusive DVT versus symptomatic non-
occlusive DVT 
Twenty-five symptomatic occlusive DVT patients were compared with thirty-
nine symptomatic non-occlusive DVT patients. 
Some resistance parameters at certain parts of lower limb arteries (Rl at SFA 
and PA, PI at PA, dRI and dPI at PA) in the occlusive group were 
significantly higher than those in the non-occlusive group with statistical 
significance (P<0.01). Although other resistance parameters in the occlusive 
DVT group were higher than those in the non-occlusive group, the 
differences did not reach statistical significance (P>0.01) (Fig.36 - 39). 
The Rl, PI of affected limbs were higher than those of unaffected limbs in the 
occlusive group but no statistical significance was found (P>0.01)_ On the 
other hand the Rl, PI of affected limbs were slightly lower than those of 
unaffected limbs in the non-occlusive group. Only the Rl at PA was 
statistically significant (P<0.01) (Fig. 36 & 38). 
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Fig. 36 Mean Rl values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA, PA in symptomatic Occlusive and symptomatic non-
occlusive DVT groups. The independent test between affected limbs of both qroups had 
P<0.01 in Rl at SFA and PA, and P>0.01 in Rl at CFA. 
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Fig. 37 Mean dRI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA and PA between symptomatic occlusive DVT and symptomatic non-occlusive D v f 
groups 
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Fig. 38 Mean PI values (±SD) of affected and unaffected limbs, and their corresponding 
(Paired test) P-values at CFA, SFA, PA in symptomatic occlusive and symptomatic non-
occlusive DVT groups. The independent test between affected limbs of both groups had 
P<0.01 in PI at PA, and P>0.01 in others. 
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Fig.23 Mean dPI values (±SD) and their corresponding (independent test) P-values at CFA 
SFA, PA between the symptomatic with no DVT and asymptomatic with no DVT groups 
54 
Most of resistance parameters (Rl, PI, dRI, dPI) at different levels (CFA, SFA, 
PA) of lower limbs showed similar trend of changes in response to the 




No DVT (Symptomatic) No DVT (Asymptomatic) 
R.^ < R. AL 
P<0.01 
d. R < d.R 
I 1 
P<0.01 
Symptomatic (DVT) Symptomatic (No DVT) 
R. AL > R. AL 
I I 
P<0.01 
d.R > d.R 
I 1 
P<0.01  
DVT (Acute) DVT (Chronic) 
R- AL > R. AL 
I I 
P>0.01 
d.R > d.R 
I I 
P>0.01  
DVT (Proximal) DVT (Calf) 
R AL > R. AL 
I I 
P>0.01 
d.R > d.R 
I I 
P>0.01  
“DVT (Occlusive) DVT (Non-occlusive) 
R- AL > R. AL 
I I 
P<0.01* 
d.R > d.R 
I I 
p<o.or  
Table 5. Summary ofthe results in section 4.1 
R = represents trend of resistance changes of affected limbs, as measured bv Rl and PI at aii 
3 sites (CFA, SFA, PA) 
d.R = represents trend of resistance difference between affected and unaffected limbs as 
measured by Rl and PI at all three sites(CFA, SFA, PA) , 
(AL=Affected limb, UL=Unaffected limb) 
* Only Rl at SFA & PA, PI at PA showed P<0.01. * Only dRI and dPI at PA showed P<0.01 
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4.2 Diagnosis of DVT by arterial resistance change 
4.2.1 Detection ofpresence ofsymptomatic DVT 
In section 4.1.2, significantly higher resistance is noted in the symptomatic 
DVT group when compared with symptomatic no DVT group (P<0.01). ROC 
curves were drawn to determine if it could help in the diagnosis of DVT. One 
ROC graph (Fig. 40) was constructed for Rl and PI. The cut-off value of PI at 
PA was found to have optimal sensitivity and specificity. When the PI value at 
PA is greater than 8，the sensitivity in detecting symptomatic DVT is 81.3% 
and the specificity is 72.9%. The corresponding accuracy is 77.2%. 
Another ROC graph (Fig.41) was constructed for dRI and dPI. The cut-off 
value of dPI at PA was shown to have optimum sensitivity and specificity. 
When the PI value of the affected limb is not less than that of unaffected limb 
by 2，the sensitivity is 65.6% and the specificity is 83.1%. The corresponding 
accuracy is 74%. 
Although there was also statistically significant difference in arterial resistance 
in the comparison between symptomatic with no DVT and asymptomatic with 
no DVT group (section 4.1.1)，these cases were not related to the presence of 
DVT so that ROC curve analysis was not performed. 
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Fig. 40 ROC curves of Rl and PI for the detection of symptomatic DVT. The cut-off point at 
the curve, with the optimal sensitivity and specificity was displayed as "*". The optimum 
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Fig. 41 ROC curves of dRI, dPI for detection of symptomatic DVT. The cut-off point at the 
curve with the optimal sensitivity and specificity was displayed as "•". The optimum sensitivitv 
and specificity are 65.6% and 83.1% respectively when the dPI is greater than -2. 
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4.2.2. Differentiation of characteristics of symptomatic 
DVT 
In the comparisons between acute versus chronic DVT, proximal-DVT versus 
calf-DVT, occlusive-DVT versus non-occlusive DVT, only certain parameters 
at certain parts of arteries (Rl at SFA and PA, PI at PA, dRI at PA, dPI at PA) 
in the occlusive DVT had statistically significant (P<0.01) higher arterial 
resistance than their counterparts. So only the corresponding sensitivity and 
specificity in differentiation of symptomatic occlusive from symptomatic non-
occlusive DVT were calculated and only these ROC curves were drawn for 
evaluation. 
The ROC graph in Fig.42 was constructed for Rl and PI. The Rl at PA was 
found to be optimal in differentiating occlusive from non-occlusive DVT. When 
the Rl at PA is greater than 1.35, the senitivity is 76% and the specificity is 
66.7%. The corresponding accuracy is 70.3%. 
The ROC graph in Fig.43 was constructed for dRI and dPI. The dPI at PA 
was shown to be more sensitive and specific than the other parameters. 
When the PI at PA of the affected limb is greater than that of the unaffected 
limb, the sensitivity and specificity are 64% and 66.7% respectively. The 
corresponding accuracy is 65.6%. 
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Fig. 42 ROC curves of Rl, PI for differentiation of symptomatic occlusive from symptomatic 
non-occlusive DVT. The cut-off point at the curve with the optimal sensitivity and specificity 
was displayed as "•". The optimum sensitivity and specificity are 76% and 66.7% respectively 
when the Rl is greater than 1.35. ^ 
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Fig. 43 ROC curves of dRI, dPI for differentiation of symptomatic occlusive DVT from 
symptomatic non-occlusive DVT. The cut-off point at the curve with the optimal sensitivity and 
specificity was displayed as "*". The optimum sensitivity and specificity are 64% and 66 7 � / 
respectively when the dPI is greater than 0. • ° 
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Parameters and sampling cut-off Sensitivity Specificity Accuracy 
site value (%) (%) (。/。） 
Detection ofsymptomatic DVT 
PI at PA >8 81.3 72.9 77 
dPI at PA >-2 65.6 83.1 74 
Differentiation ofocclusive from non-occlusive DVT “ 
Rl at PA >1.35 76 66.7 70.3 
dPI at PA >0 64 66.7 65.6 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ • ^ ^ • ^ * * ^ ^ ^ ^ • ^ ^ ^ ^ • * ^ 
Table 6 The optimum cut-off values for detecting symptomatic DVT and DVT characterization 
with their corresponding sensitivity, specificity and accuracy. Chi-square test showed that 
there was no significant difference (P>0.01) between the accuracy of detecting DVT using PI 
and dPI, and between the accuracy of differentiating occlusive from non-occlusive DVT usinq 




5.1 Investigation of arterial resistance changes 
It is known that DVT of the lower limb can occur with and without signs and 
symptoms, the most common symptoms being swelling, tenderness, redness 
and warmth of the affected lower limb [35]. Investigating arterial resistance 
changes in the presence of DVT would mandate observation of resistance 
changes in subjects with DVT, and also without signs and symptoms of the 
lower limb (i.e. asymptomatic DVT subjects). That would eliminate the factor 
of signs and symptoms in the lower limb, which is believed to or may lower 
arterial resistance of lower limb. 
The asymptomatic DVT group was not included in this study for various 
reasons. The incidence of DVT in the Asian population is much lower than 
that in Caucasians [65, 66]. The detection of asymptomatic DVT cases would 
require a widespread screening program with serial scanning for high risk 
patients, requiring much resources and time. In addition, asymptomatic DVT 
picked up during screening in previous studies, is commonly confined to the 
calf [67]. This diminishes the value of asymptomatic DVT in the study of 
arterial resistance changes in DVT as proximal-DVT, which is a common and 
more significant type of DVT, is not strictly comparable with calf DVT in terms 
of arterial haemodynamics as shown in result section 4.1.4. The clinical 
significance of asymptomatic DVT is questionable as DVT is usually confined 
to the calf vein [67]，and the association of PE with calf DVT is very low [12 
26，27]. A pilot study for detection of asymptomatic DVT was performed on 
fifteen medical in-patients with prolonged bed rest over 4 weeks. One case 
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with calf vein thrombosis was picked up. More than nine hundred 
asymptomatic patients with serial scanning over a period of four to five years 
to search for minimally informative calf-DVT would be required to recruit sixty 
asymptomatic DVT patients for the study. It was not practicable to include the 
asymptomatic DVT group in the study, and the arterial resistance changes in 
the symptomatic DVT patients were investigated instead. As the presence of 
signs and symptoms (swelling, tenderness, redness, warmth) in these 
patients might also affect the arterial resistance, the study of the effect of the 
signs and symptoms on the arterial resistance was evaluated by comparing 
between the asymptomatic patients with no DVT and the symptomatic 
patients with no DVT. This was to elucidate the arterial resistance changes in 
the presence of signs and symptoms. 
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5.1.1 Symptomatic with no DVT vs asymptomatic with no DVT 
As there was no significant difference between both limbs of asymptomatic 
patients with no DVT (Fig. 20 & 22)，the left limb was chosen to represent the 
affected limb in this study because the incidence of DVT is reported to be 
higher on the left side than the right [64]. 
All patients in these two groups had no DVT, as confirmed by venous 
ultrasound scanning. As one group was symptomatic and the other was 
asymptomatic, the remaining difference between these two groups was the 
presence of signs and symptoms. 
In section 4.1.1, the mean Rl and PI values of the affected limbs in the 
symptomatic group with no DVT were significantly lower than those in the 
asymptomatic group with no DVT (P<0.01). That implies the arterial 
resistance of the affected limb in the symptomatic group is significantly lower 
(Fig.20&22). 
The arterial resistance of the affected limb was also compared with the 
unaffected limb in this study. The mean Rl and PI values of the affected limb 
were also significantly (P<0.01) lower than those of the unaffected limb in the 
symptomatic group, while the mean Rl and PI of both affected and unaffected 
limbs in the asymptomatic group were similar and their differences had no 
statistical significance (P>0.01). These made the dRI (Rl of affected limb - R| 
of unaffected limb) and dPI (PI of affected limb - PI of unaffected limb) in the 
symptomatic group significantly lower than that in the asymptomatic group 
(P<0.01) (Fig. 21 &23). 
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Therefore significantly lower arterial resistance (P<0.01) was detected in the 
affected limb than the unaffected limb in the symptomatic group, and also 
significantly lower arterial resistance of the affected limb was detected in the 
symptomatic group when compared with the affected limb in the 
asymptomatic group. This suggests that the presence of signs and 
symptoms significantly lowers the arterial resistance of the affected limbs. 
The signs and symptoms for DVT in this study were non-specific. The most 
common were lower limb swelling, tenderness, redness and warmth of the 
affected lower limb [35]. Among these factors, warmth of the limb is known to 
cause arterial resistance to decrease. Increase in limb temperature causes 
vasodilatation and hence decrease in arterial resistance [52]. The other 
factors have no known association with resistance changes to our knowledge. 
In the symptomatic group, 41 of 59 patients (69.5%) had documented 
warmth of lower limb clinically by the referring clinician, presumably by 
palpation. However temperature increase less than 2 � C may not be clinically 
appreciable by hand [68]. 6 patients (10.2%) had no documented 
temperature increase in the lower limb clinically, but might have had 
subclinical temperature increase (less than 2�C) because they had a clinical 
history indicating and ultrasound findings suggesting leg trauma (4 patients), 
ruptured Baker's cyst (1 patient), bursitis (1 patient), which are likely to 
cause temperature to increase in the affected parts [68�.Therefore 
approximately 80% of patients were known or expected to have temperature 
increase of the affected limb in this symptomatic group. Our presumption is 
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that the increased temperature of the lower limb is the dominant factor to 
cause the arterial resistance to decrease. 
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5.1.3 Symptomatic acute DVT vs symptomatic chronic DVT 
Both groups in this comparative arm were symptomatic. As one group was 
diagnosed to have DVT and the other group found to have no DVT by 
venous ultrasound, the difference between these two groups was the 
presence of DVT. 
The mean values of Rl, PI of the affected limbs in the ‘DVT’ group were 
significantly higher than those in the ‘no DVT' group (P<0.01) (Fig. 24 &26). 
This indicates the arterial resistance of the affected limb was significantly 
higher in the ‘DVT group than those in the ‘no DVT' group. 
The mean values of Rl and PI of both affected and unaffected limbs were 
similar in ‘DVT’ group with their differences bearing no statistical significance 
(P>0.01). This made the dRI and dPI close to zero in the 'DVT' group. On the 
other hand, the mean values of Rl and PI of affected limbs were significantly 
(P<0.01) lower than that of unaffected limbs in ‘no DVT, group, giving 
negative dRI and dPI values in the symptomatic ‘no DVT' group. Although 
there was no significant difference in Rl and PI between the affected and 
unaffected limbs in the 'DVT' group, their respective dRI and dPI were still 
significantly (P<0.01) higher when compared with those in ‘no DVT' group 
(Fig. 25&27). 
It is interesting to note that the arterial resistance of the affected limb in the 
‘DVT，group was higher than that of the affected limb in the ‘no DVT' group 
and was similar to (but not higher than) the unaffected limb in the 'DVT' 
group. It is likely that the clinical signs and symptoms lower the arterial 
resistance of the affected limb in the symptomatic with no DVT group. The 
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symptomatic ‘DVT, group had similar signs and symptoms which made them 
clinically indistinguishable from the symptomatic ‘no DVT，group. It is 
reasonable to expect that the clinical signs and symptoms in the 'DVT' group 
also caused a lower resistance on the affected side than on the unaffected 
side. Moreover the local temperature increase, the presumed dominant factor 
causing arterial resistance decrease, was also dominant in the DVT group. 
Previous studies of thermography [69, 70，71，72] have shown that up to 
97% of DVT patients have documented temperature increase in the affected 
limb. In some cases, the temperature increase is subclinical. This implies that 
most DVT patients have temperature increase in the affected limb, which 
causes vasodilatation and reduces arterial resistance in the affected limb. 
Therefore the signs and symptoms of temperature increase can be related to 
arterial resistance decrease of the affected limb. The remaining difference 
between the symptomatic with DVT and symptomatic with no DVT groups is 
the presence of DVT so that any arterial resistance difference between both 
groups is likely due to the effect of DVT. It is postulated that the presence of 
DVT in the symptomatic DVT group causes an increase of arterial resistance 
in the affected limb which then becomes higher than that on the affected limb 
in the symptomatic with no DVT group. The arterial resistance is however not 
higher than that of the unaffected limb in the same symptomatic with DVT 
group, as the affected limb is also influenced by the countering effects of 
clinical symptoms of DVT which decreases arterial resistance 0"able 7). This 
makes the arterial resistance difference between affected and unaffected 
limbs in the symptomatic DVT group less obvious and less significant. These 
results suggest that arterial resistance is increased in the presence of DVT. 
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"No DVT" "DVT" 
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due to (unchanged) due to due to (unchanged) 
S & S S & S DVT 
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Table 7. Arterial resistance changes in Symptomatic "DVT" and "No DVT" groups. Clinical 
signs and symptoms in the symptomatic "No DVT" causes resistance decrease, while in the 
symptomatic "DVT" group the affected limb is influenced by countering effects 'of signs and 
symptoms (resistance decrease) and DVT (resistance increase). 
R = arterial resistance; AL = affected limb; UL = unaffected limb; S&S = signs and symptoms 
"~" = similar 
DVT, a form of venous obstruction, may indirectly cause distal obstruction to 
the arterial flow. DVT may impair the balance between the arterial influx and 
the venous outflow, and thus cause the vascular impedance to increase [60]. 
Severe venous thrombosis may also cause arterial spasm which could, 
significantly increase arterial resistance [36]. 
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5.1.3 Symptomatic acute DVT vs symptomatic chronic DVT 
These two groups were subdivided from the symptomatic DVT group 
according to thrombus characteristics. The mean values of Rl and PI of the 
affected limbs in the acute DVT group were higher than those in the chronic 
group (P>0.01) but did not reach statistical significance (Fig. 28 & 30). That 
indicates that the arterial resistance of affected limb in the acute DVT group 
was higher than that in the chronic group but had no statistical significance. 
The mean Rl and PI values of both affected and unaffected limbs were similar 
in the acute group, making the dRI and dPI values close to zero in this group. 
On the other hand, the mean Rl and PI values of affected limbs were slightly 
lower than those of unaffected limbs in the chronic group (P>0.01), giving 
negative dRI and dPI values (Fig. 29 & 31). These in turn made the dRI and 
dPI values in the acute group higher than that in the chronic group. This is 
consistent with the findings that arterial resistance of the affected limb in the 
acute group was higher than that in the chronic group. This implies that 
chronic DVT has less significant effect on the arterial resistance than the 
acute DVT. 
Acute DVT refers to newly formed venous thrombus which is expected to 
have generally more significant effect on the venous drainage and arterial 
flow resistance as collaterals and recanalization of thrombus have not been 
formed as is the case in chronic DVT. The presence of collaterals and 
recanalization [60] may partially relieve venous obstruction and hence 
decrease the influence of venous obstruction on the arterial resistance. This 
was demonstrated in the different renal arterial resistance changes in cases 
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of acute and chronic renal vein thrombosis [60, 63]. In this study, the findings 
are consistent with the belief that acute venous thrombosis has more 
significant effect on arterial vascular impedance than the chronic type. 
However, there was no statistical significance demonstrated (P>0.01) in the 
difference between both acute and chronic DVT groups, so that the 
differentiation of acute from chronic DVT is not statistically possible. 
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5.1.3 Symptomatic acute DVT vs symptomatic chronic DVT 
These two groups were also derived from the symptomatic DVT group 
according to thrombus distribution. The mean values of Rl and PI of the 
affected limbs in the proximal-DVT group were higher those of affected limbs 
in the calf-DVT group but the difference had no statistical significance 
(P>0.01) (Fig.32&34). 
In the proximal-DVT group, the mean Rl, PI of both affected and unaffected 
limbs were similar in values, making dRI and dPI close to zero. In the calf-
DVT group, the mean Rl and PI of the affected limbs were slightly lower than 
those of unaffected limbs with the difference bearing no statistical significance 
(P>0.01), giving negative dRI and dPI values. The dRI and dPI in the 
proximal-DVT group were therefore higher than those in the calf-DVT group. 
This is compatible with the findings that higher arterial resistance of the 
affected limb was detected in the proximal-DVT than in the calf-DVT groups. 
The distribution of venous thrombosis has significant implications on 
treatment. Patients with proximal-DVT routinely receive anti-coagulation 
treatment (most common) or thrombolytic therapy [19]. Patients with calf-DVT 
may be left untreated or undergo surveillence using non-invasive tests to 
detect thrombus extension [26] as the risk of using anti-coagulants to treat 
calf-DVT may outweigh its usefulness in preventing PE [28], which has been 
shown to rarely arise from calf-vein thrombosis [ 1 2， 2 6， 2 7 ] . The 
differentiation of proximal-DVT from calf-DVT is therefore important clinically 
as it affects patient's treatment and prognosis. In this study, the arterial 
resistance in the presence of proximal-DVT was increased more than that in 
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calf-DVT. This is probably because proximal veins are the main axial veins for 
venous drainage. The thrombosis extending up to proximal veins is more 
extensive and more severe than the calf-DVT alone. However there was no 
statistically significant difference in the arterial resistance changes between 
the proximal-DVT and calf-DVT so that the differentiation of proximal-DVT 
from calf-DVT by arterial resistance changes was not statistically possible. 
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5.1.5 Symptomatic occlusive DVT vs symptomatic non-occlusive 
DVT 
These two groups were subdivided from the symptomatic DVT group. The 
mean values of Rl and PI of the affected limbs in the occlusive DVT group 
were significantly higher than those of affected limbs in the non-occlusive 
DVT group, with several parameters at certain locations (Rl at SFA and PA; 
PI at PA) showing statistical significance (P<0.01). 
The mean Rl and PI values of affected limbs were slightly higher than those 
of unaffected limbs in the occlusive group but the difference was not 
statistically significant (P>0.01). In the non-occlusive group, the mean Rl and 
PI values of affected limbs were slightly lower than those of unaffected limbs 
with the difference bearing no statistical significance (P>0.01). So the dRI 
and dPI in the occlusive group were positive in values while those in non-
occlusive group were negative. The dRI and dPI in occlusive DVT were 
higher than those in non-occlusive DVT, with statistical significance at certain 
locations with certain parameters (dRI at PA; dPI at PA). This leads to support 
the fact that arterial resistance of the affected limbs was higher in occlusive 
DVT than in non-occlusive DVT. 
Occlusive DVT indicates complete occlusion of the venous lumen while the 
non-occlusive type refers to incomplete obstruction of venous lumen or 
complete obstruction of the lumen with the presence of collaterals / patent 
duplicated veins. Occlusive DVT represents more severe venous obstruction 
and more disturbance on venous haemodynamics, and thus having 
implications that it may have more significant effect on wall damage and 
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causing chronic venous disease. Non-occlusive DVT, especially the free-
floating type, poses more significant threat to the patient than the occlusive 
type [73] since the thrombus in the non-occlusive type may dislodge more 
easily and lead to pulmonary embolism. The differentiation of occlusive from 
non-occlusive DVT has significant implication on prognosis and treatment 
[74]. In the case of renal vein thrombosis, the occlusive type has higher 
arterial resistance increase in the renal arterial flow than the non-occlusive 
type [8]. So it is reasonable to expect that the lower limb flow disturbance / 
arterial resistance increase would be more significant in the occlusive type 
than in the non-occlusive type. In this study, the occlusive DVT group has 
been shown to have higher arterial resistance than the non-occlusive DVT 
group. Statistical significance (P<0.01) was demonstrated in several 
resistance parameters, including Rl at SFA and PA; PI at PA; dRI at PA; dPI 
at PA. The differentiation of occlusive from non-occlusive DVT is therefore 
statistically possible with these parameters (to be discussed later). 
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Acute DVT, proximal-DVT and occlusive DVT are regarded as more severe 
types of venous thrombosis than their counterparts (chronic, calf and non-
occlusive DVT), as they have generally more significant effect on venous 
obstruction. If DVT has the effect of increasing arterial resistance of lower 
limb as shown in section 5.1.2, higher arterial resistance increase should be 
observed in more severe types of DVT. In this study, the more severe types 
of DVT (acute, proximal, occlusive) showed higher arterial resistance of the 
affected limb than the less severe DVT (chronic, calf and non-occlusive). This 
is consistent with our postulation and further enhances the positive 




























































































































































































































































































































































































































































































































































































































































































































































5.2 Detection and differentiation of DVT by arterial 
resistance 
5.2.1 Detection ofsymptomatic DVT 
In section 4.2， significant difference in arterial resistance between the 
symptomatic with DVT and symptomatic with no DVT groups was 
demonstrated. The possibility of using arterial resistance in the diagnosis of 
DVT was evaluated. Significant difference in arterial resistance was also 
demonstrated between the symptomatic with no DVT and asymptomatic with 
no DVT groups in section 4.1. As the findings in these two groups were not 
related to the presence of DVT, it was not evaluated for detection of DVT. 
Receiver operator characteristic (ROC) curves were used for comparing the 
accuracy of various cut-off resistance values. These were constructed by 
plotting the true positive rate (sensitivity) against the false positive rate (1-
specificity). Tests which discriminate well crowd towards the upper left corner 
of the ROC curves. When sensitivities improve, the specificities decline. The 
best compromise is the cut-off point nearest to upper left corner of the ROC 
graph. 
In the comparison between the symptomatic with DVT and symptomatic with 
no DVT groups, one ROC graph (Fig. 40) was constructed for Rl and PI, and 
another ROC graph (Fig. 41) for dRI and dPI. From these two graphs, the 
popliteal artery (PA) was found to have greater sensitivity and specificity than 
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the common femoral artery (CFA) and superficial femoral artery (SFA). The PI 
and dPI were also shown to be more optimal than the Rl and PI respectively 
in detecting symptomatic DVT. So the optimal cut-off value derived from ROC 
graph in Fig. 40 is PI at the PA greater than 8，with a corresponding sensitivity 
and specificity of 81.3% and 72.9% respectively. The optimum cut-off dPI 
value is greater than -2 (i.e. when the PI of the affected limb is not less than 
that of the unaffected limb by 2) with a corresponding sensitivity of 65.6% and 
specificity of 83.1%. 
The popliteal artery (PA) is more distal in the lower limb and nearer to the 
venous system than the superficial femoral and common femoral arteries. 
That may explain why it is more sensitive in showing the resistance changes 
in the presence of venous thrombosis. There is no significant difference 
(P>0.01) in the accuracy of detecting symptomatic DVT by using PI and dPI 
fTable 6). The PI value represents the arterial resistance value of the affected 
limb, which is subject to variation in blood pressure, heart rate, environmental 
temperature change [55]. The dPI value reflects a comparative value 
between the affected and unaffected sides, so that the above factors (blood 
pressure, heart rate, and environmental temperature) would not be 
confounding variables as they are expected to affect both limbs. The dPI 
would show changes in arterial resistance between both limbs in the 
presence of systemic changes (e.g. heart rate, blood pressure) while the PI 
may be misleading. Therefore the dPI value is theoretically more reliable than 
the PI value in evaluating arterial resistance changes in DVT. 
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5.2.2 Differentiation ofocclusive from non-occlusive DVT 
In the comparison between occlusive and non-occlusive DVT, significant 
difference (P<0.01) was found using Rl at SFA and PA; PI at PA; dRI and 
dPI at PA. Two ROC graphs (Fig. 42 & 43) were constructed to evaluate the 
possibility of differentiating occlusive from non-occlusive DVT using these 
resistance changes. In these two graphs, the popliteal artery was superior in 
showing arterial resistance change than the superficial femoral artery. The Rl 
and dPI values had optimum sensitivity and specificity. The optimum cut-off 
value of Rl at the popliteal artery is greater than 1.35 with a sensitivity of 76% 
and specificity of 66.7%. The optimum cut-off value of dPI at the popliteal 
artery is greater than 0 with a sensitivity of 64% and specificity of 66.7%. 
There was no significant difference (P>0.01) in the accuracy of differentiating 
occlusive DVT from non-occlusive DVT by using Rl and dPI at PA fTable 6). 
The dPI is theoretically more reliable than the Rl in showing arterial 
resistance changes as the dPI (as explained in section 5.2.1) is less 
vulnerable to the systemic changes of the human body. 
There was no significant difference in the comparison between acute and 
chronic DVT, and in the comparison between proximal-DVT and calf-DVT. 
Therefore the evaluation of their respective differentiation was not 
statistically possible. 
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In this study, only color duplex venous ultrasound was performed to confirm 
the diagnosis of DVT and no venogram correlation was undertaken. Contrast 
venogram has been regarded as the ‘gold standard' in the diagnosis of DVT 
but is associated with complications [35]. On the other hand it is well proven 
that color duplex ultrasound has excellent sensitivity and specificity [6，46，47， 
48] in diagnosis of DVT and even has higher diagnostic yield than contrast 
venogram [6]. In this setting, color duplex ultrasound has already been 
established to diagnose DVT for over four years with venograms rarely 
performed in our department and elsewhere. One of the aims of this study 
was to evaluate whether arterial resistance can be a useful secondary sign in 
the diagnosis of DVT. The aim was not to evaluate if arterial resistance 
studies can replace color duplex ultrasound in the definitive diagnosis of DVT. 
The use of arterial resistance changes in the evaluation of DVT is an indirect 
method and its sensitivity and specificity are expectedly lower than that of 
color duplex ultrasound which is a direct method. Although not expected to 
replace color duplex ultrasound, it may be reasonable to consider arterial 
resistance changes as a secondary sign of DVT. 
The accuracy of 74% - 77% using arterial resistance changes as a secondary 
sign in the presence of DVT limits its clinical application， as direct venous 
ultrasound has excellent sensitivity and specificity (up to 100%) in detecting 
DVT. The accuracy in the differentiation of occlusive from non-occlusive DVT 
is also not high enough to be clinically applicable. 
‘ 83 
However in situations when the leg is very oedematous and venous 
ultrasound is difficult, arterial resistance changes from the arterial signals may 
serve as a possible clue to the diagnosis. Knowing the arterial resistance 
changes in the presence of DVT would add more information to the arterial 




The arterial resistance of the affected limb is shown to be increased in the 
presence of symptomatic DVT when compared with symptomatic patients 
with no DVT. There is however no difference between the affected and 
unaffected limb in the symptomatic DVT patients. This is conceivably because 
the arterial resistance of the affected limb is concurrently lowered by the 
clinical signs and symptoms accompanying DVT, making the difference in 
arterial resistance between both limbs less obvious and less significant. PI 
and dPI were found to be best parameters, and the popliteal artery was the 
best site for sampling of arterial resistance in detection of symptomatic DVT. 
When the PI at the popliteal artery is greater than 8，the sensitivity and 
specificity in detection of symptomatic DVT are 81.3% and 72.9% 
respectively. When the dPI (PI on affected side - PI on unaffected side) at 
the popliteal artery is greater than -2，the sensitivity was 65.6% and the 
specificity 83.1%. 
It was also found that acute, occlusive, and proximal DVT have higher 
arterial resistance in the affected limb than chronic, non-occlusive, and calf 
DVT respectively. This further enhances the positive relationship between 
DVT and arterial resistance. There was statistical significance (P<0.01) noted 
only in the differentiation of occlusive from non-occlusive DVT. When the Rl 
at popliteal artery is greater than 1.35, the sensitivity and specificity in 
differentiating occlusive from non-occlusive DVT are 76% and 66.7% 
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respectively. When the dPI at the popliteal artery is greater than 0，the 
sensitivity and specificity are 64% and 66.7% respectively. 
Although arterial resistance changes may serve as a secondary sign in the 
diagnosis of DVT, the accuracy of 74%-77% in detecting symptomatic DVT 
limits current clinical application. 
‘ 86 
References 
1. Kakkar W : Prevention and management of venous thrombosis 
BritishMedical Bulletin Vol. 50 No.4 pp 871-903 1994 
2. Woo KS et al: The incidence and clinical pattern of deep vein 
thrombosis in the Chinese in Hong Kong Sing Med J 29: pp357-359 
1988 
3. Vogel P et al: Deep venous thrombosis of the lower extremity: US 
evaluation Radiology 163: pp747-751 1987 
4. Foley WD et al: Color doppler ultrasound imaging of lower extremity 
venous disease AJR 152: pp371 1989 
5. Persson AV et al: Use of triplex scanner in diagnosis of deep vein 
thrombosis Arch Surg 124:pp593 1989 
6. Bradley MJ et al: Colour flow mapping in the diagnosis of the calf deep 
vein thrombosis Clinical Radiology 47: pp399-402 1993 
7. Zwiebel WJ: Doppler evaluation of carotid stenosis In Zwiebel WJ 
Introduction to Vascular Ultrasonography 3rd ed. Philadelphia W.B 
Saunders pp123-125 1992 
8. Reuther G，Wanjaura D, Bauer H: Acute renal vein thrombosis in renal 
allografts: detection with duplex doppler US Radiology 170: pp557-
558 1989 
9. Kaveggia LP et al: Duplex Doppler Sonography in renal allograft: The 
significance of reversed flow in diastole. AJR 155: pp295-298 1990 
• 87 
* 
10. Merritt C: Organ transplants, liver, kidney and pancreas In Taylor 
K.J.W et al: Clinical applications of doppler ultrasound 2nd ed. New 
York Raven Press Ltd pp217-219 1995 
11. Arbeille Ph, et al: Vascular resistance quantification in high flow 
resistance areas using the doppler method Ultrasound in Med and Bio 
Vol.21 No.3 pp321-328 1995 
12. Moser KM: Pulmonary embolism: where the problem is not. JAMA 
236: pp1500 1976 
13. Sevitt S, Gallagher N: Venous thrombosis and pulmonary embolism: A 
clinico-pathological study in injured and burned patients. Br J Surg 48: 
pp475-489 1961 
14. Williams JW: Venous thrombosis and pulmonary embolism. Surg 
Gynaecol Obstet 141: pp626-631，1975 
15. Lawrence P.F: Rationale for noninvasive assessment of extremity veins 
In ZwiebelWJ Introduction to vascular ultrasonography Philadelphia 
W.B.Saunders pp261-262 1992 
16. Bergvail U, Hjelmstedt A: Recanalisation of deep venous thrombosis of 
the lower leg and thigh. Acta Chir Scand 134: pp219-228 1968 
17. Dorfman GS, Cronan JJ: Asymptomatic pulmonary embolism in deep 
venous thrombosis: Long-term follow-up Radiology 165(P): pp205 
1987 
18. Dorfman GS, Cronan JJ: Ultrasonography of small parts Radiologic 
Clinics of North America Vol 30 No.5: pp879-894 1992 
• 88 
19. Huisman MV: The natural history of venous thrombosis and pulmonary 
embolism In Hull RD et al Venous Thromboembolism: an evidence-
based atlas New York Futura Publishing Co. pp21 -pp22 1996 
20. Moser KM, LeMoine JR: Is embolic risk conditioned by location of deep 
venous thrombosis? AnnlntMed 94: pp439-444 1981 
21. Doyle DJ, Turpie AGG, Hirsh J, et al: Adjusted subcutaneous heparin or 
continuous intravenous heparin in patients with acute deep venous 
thrombosis. A randomised trial Ann lntMed 107: pp441 -445 1987 
22. Huisman MV, Bueller HR, ten Cate JW, et al: Unexpected high 
prevalence of silent pulmonary embolism in patients with deep venous 
thrombosis Chest 95: pp948-952 1989 
23. Hull RD, Delmore T, Genton E, et al: Warfarin sodium versus low dose 
heparin in the long term treatment of venous thrombosis N Engl J Med 
301 pp855-858 1979 
24. Laegerstedt CI, Olsson CG, Fagher BO, et al: Need for long term anti-
coagulant treatment in symptomatic calf vein thrombosis Lancet 2: 
pp515-518 1985 
25. Brandjes DPM, Heijboer, Bueller HR et al: Acenocoumarol and heparin 
compared with acenocoumarol alone in the initial treatment of proximal-
vein thrombosis N Engl J Med 327: pp1485-1489 1992 
26. Dorfman GS, Cronan JJ: Sonographic diagnosis of thrombosis of the 
lower extremity veins Seminar intervent Radiol 7: pp9-19 1990 
27. Kakkar W，Flanc C, Howe CT, et al: Natural history of post-operative 
deep-vein thrombosis. Lancet 2: pp230-232 1969 
• 89 
28. Wheeler HB, Anderson FA: Use of non-invasive tests as the basis for 
treatment of deep vein thrombosis In Bernstein EF: Vascular Diagnosis 
4thed. Pp869-870 1993 
29. Cotton LT, Clark C: Anatomical localization of venous thrombosis Ann 
R Coll Engl 36: pp214-224 1965 
30. Kakkar W : Deep vein thrombosis: detection and prevention 
Circulation 51: pp8-19 1975 
31. Zwiebel WJ: Venous thrombosis and other pathology In Zwiebel WJ 
Introduction to Vascular Ultrasonography Philadelphia W. B Saunders 
pp305-307 1992 
32. Hirsh L Genton E, Hall R: Venous thromboembolism New York Grune 
&Stratton pp1-4 1981 
33. Polak JF: Peripheral vascular sonography Baltimore William & Wilkins 
pp49-57 1992 
34. Norris CS, Greenfield LJ, Herrmann JB: Free floating iliofemoral 
thrombus. A risk of pulmonary embolism Arch Surg 120: pp806-808 
1985 
35. Leclerc JR et al: Venous thromboembolic disorders Philadelphia 
Lea&Febiger pp176-182 1991 
36. Browse NL, Burnand KG, LeaThomas M: Diseases of the Veins 
Pathology, Diagnosis, and Treatment Edward Arnold USA pp475 -
4 7 8 1 9 8 8 
� 90 
37. Hull R Raskob G, Leclerc J, Jay R, Hirsh J: The diagnosis of clinically 
suspected venous thrombosis Clin Chest Med 5: pp439 1984 
38. Haeger K: Problems of acute deep venous thrombosis. The 
interpretation of signs and symptoms Angiology 20: pp219 1969 
39. Kakkar W , Howe CT, Flanc C, Clark MB: Natural history of 
postoperative deep vein thrombosis Lancet 2: pp230 1969 
40. Johnston KW, Kakkar W : Plethysmographic diagnosis of deep vein 
thrombosis. Surg Gynaecol Obstet 139: pp41-44 1974 
41. McLachlin J, Richard T, Paterson JC: An evaluation of clinical signs in 
the diagnosis of venous thrombosis Arch Surg 85: pp738 1962 
42. Nicolaides AN, Kakkar W , Field ES, Rennay JTG: The origin of deep 
vein thrombosis: a venographic study Br J Radiol 44: pp653 1971 
43. Nicolaides AN: Introduction In Bernstein EF: Vascular Diagnosis 4th ed. 
Baltimore Mosby pp770 1993 
44. Appleman PT, De Jong TE, Lampmann LE: Deep venous thrombosis of 
the leg:US findings Radiology 163: pp743 1987 
45. Cronan JJ, Dorfman GS, Grusmark J: Lower-extremity deep venous 
thrombosis: further experience with and refinements of US assessment 
Radiology 168: pp101 1988 
46. Raghavendra BN et al: Deep venous thrombosis : detection by probe 
compression of veins J Ultrasound Med 5:pp89 1986 
‘ 91 
47. Montefusco CM et al: Duplex ultrasonographic venography: the 
definitive diagnostic tool for thrombophlebitis In Veith FJ, ed. Current 
critical problems in vascular surgery. St Louis 1989 
48. Fletcher JP et al: Ultrasound diagnosis of lower limb deep venous 
thrombosis MedJAust 153: pp453 1990 
49. Wright DJ et al: Pitfalls in lower extremity venous duplex scanning J 
VasSurg 11: pp675 1990 
50. Sumner DS, et al: Diagnosis of deep vein thrombosis with real time 
color and duplex scanning In Bernstein EF: Vascular Diagnosis 4th 
ed. Baltimore Mosby pp787 1993 
51. Joyce JW: Examination of the patient with vascular disease In 
Loscalzo J, et al: Vascular Medicine Boston Little, Brown and Company 
pp442 1992 
52. Zierler RE, et al: Duplex sonography of lower extremity arteries In 
Introduction to vascular ultrasonography 3rd ed. W.B Saunders pp245 
1992 
53. Rutherford RB, Hiatt WR, Kreutzer EW: The use of velocity waveform 
analysis in the diagnosis of carotid artery occlusive disease Surgery 
82: pp695-702 1977 
54. Gosling RG: Doppler ultrasound assessment of occlusice arterial 
disease. Practitioner 220: pp599-609 1978 
55. Pourcelot L: Applications cliniques de l'examen doppler transcutane In 
Peronneau P (ed): Velocitmetric Ultrasonore doppler. Paris，lnsrm, 34: 
pp780-785 1974 
• 92 
56. Stuart B, Drumm J, Fitzgerald DE, Duignan NM: Fetal blood velocity 
waveforms in normal pregnancy Br J Obstet Gynaecol 87: pp780-785 
1980 
57. Clifford PC, Skidmore R, Bird DR, Woodcock JP, Baird RN: The role of 
pulsatility index in the clinical assessment of lower limb ischaemia J 
Med Eng Tech Vol. 5 No.5: pp237-241 1981 
58. Burns PN: Principles of deep doppler ultrasonography In Vascular 
Diagnosis 4thed Mosby Baltimore pp249- 268 1993 
59. Zwiebel WJ: Spectrum analysis in doppler vascular diagnosis In 
Zwiebel WJ Introduction to Vascular Ultrasonography Philadelphia 
W. B Saunders pp53-57 1992 
60. Reuther G, Wanjura D, Bauer Hubert: Acute renal vein thrombosis in 
renal allografts: detection with duplex doppler US Radiology 170: 
pp557-558 1989 
61. Don s, Kenyon K, et al: Duplex doppler US of renal allografts: Causes of 
elevated resistive index Radiology 171: pp709-712 1989 
62. Warshauer DM, Taylor KJW, et al: Unusual causes of increased 
vascular impedance in renal transplants: duplex doppler evaluation 
Radiology 169: pp367-370 1988 
63. Platt JF, Ellis JH, Rubin JM: lntrarenal arterial doppler sonography in 
the detection of renal vein thrombosis of the native kidney AJR 162: 
pp1367-1370 1994 
. 93 
64. Cocket RB, et al: Iliac vein thrombosis - its relation to iliofemoral 
thrombosis and the post-thrombotic syndrome British Medical Journal 
2: pp14-19 1967 
65. Nandi P, Wong KP, Wei Wi, Ngan H, Ong GB: Incidence of post-
operative deep vein thrombosis in Hong Kong Chinese Br. J. Surg Vol 
67: pp251-253 1980 
66. Kawasaki T, et al: Hyperlipidemia: a novel etiological factor in deep 
vein thrombosis Thrombosis Research Vol.79: No.2 pp147-151 
1995 
67. Mattos MA, et al: Color flow duplex scanning for the surveillance and 
diagnosis of acute deep venous thrombosis. J Vas Surg. 15: pp366 
1992 
68. Rook TW, et al: Laboratory assessment of circulation in limbs In 
Clement DL, et al: Vascular Diseases in the limbs Mosby Year Book 
Baltimore 1993 
69. Sandler DA, Martin JF: Liquid crystal thermography as a screening test 
for deep-vein thrombosis Lancet 1: pp665 1985 
70. Jacobsson H, et al: Standardised leg temperatire profiles in the 
diagnosis of acute deep venous thrombosis. Vasc Diagn Ther 4: pp55 
1983 
71 • Aronen HJ, et al: Thermography in deep venous thrombosis of the leg. 
AJR 137: pp1179 1981 
. 94 
72. Nilsson E, Sunden P, Zetterquist S: Leg temperature profiles with a 
simplified thermographic technique in the diagnosis of acute venous 
thrombosis Scand J Clin Lab Invest 9: pp171 1979 
73. Norris CS, Greenfield LJ, Herrmann JB: Free floating iliofemoral 
thrombus A risk of pulmonary embolism Arch Surg 120: pp806-808 
1985 
74. Greenfield LJ: Significance of free-floating venous thrombi In Bernstein 





















































C U H K L i b r a r i e s 
_ l _ _ l l 
DD37QSDflT 
